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(57) ABSTRACT 

A method and system for serialiZing a transient object 
oriented database into a persistent form. The persistent form 
is a grammatical form, an expression of an object-oriented 
database in a textual form according to a grammar. The 
grammatical form is human-readable and human-editable. 
The grammar is designed to be platform-independent and 
programming-language-independent and therefore descrip 
tive of any hierarchical object-oriented database. An object 
oriented database is expressed as a plurality of entries in a 
transient, hierarchical, object-oriented form. The tree of 
entries is navigated and each entry is Written to the persistent 
form as text according to the grammar. The serialized form 
stores only the key state of the database, not a “snapshot” of 
memory. Therefore, the persistent, serialized form is smaller 
than the in-memory, transient form of the object-oriented 
database. The object-oriented database is an object-oriented 
con?guration database Which stores con?guration param 
eters pertaining to the softWare and hardWare of a computer 
system, such as application programs, device drivers, system 
services, and other components. The object-oriented data 
base is platform-independent and is therefore con?gured to 
be hosted on several different operating systems and com 
puting platforms. 

30 Claims, 11 Drawing Sheets 
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TRANSFORMING TRANSIENT CONTENTS 
OF OBJECT-ORIENTED DATABASE INTO 

PERSISTENT TEXTUAL FORM ACCORDING 
TO GRAMMAR THAT INCLUDES 

KEYWORDS AND SYNTAX 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is related to US. patent application Ser. 
No. 09/253,839, ?led on Feb. 19, 1999, entitled “MECHA 
NISM AND PROCESS TO TRANSFORM A GRAMMAR 
DERIVED INTERMEDIATE FORM TO AN OBJECT 
ORIENTED CONFIGURATION DATABASE”; US. patent 
application Ser. No. 09/253,841, ?led on Feb. 19, 1999, 
entitled “PROCESS FOR TRANSFORMING CONFIGU 
RATION DATABASE GRAMMAR INTO INTERMEDI 
ATE FORM THAT SIMPLIFIES DATABASE GENERA 
TION”; US. patent application Ser. No. 09/253,866, ?led on 
Feb. 19, 1999, entitled “GRAMMAR TO REPRESENT A 
HIERARCHICAL OBJECT-ORIENTED DATABASE”; 
US. patent application Ser. No. 09/253,867, ?led on Feb. 
19, 1999, entitled “TRANSFORMATION CUSTOMIZER 
FOR CONFIGURATION DATABASE COMPILATION 
AND SERIALIZATION PROCESSES”; US. patent appli 
cation Ser. No. 09/253,868, ?led on Feb. 19, 1999, entitled 
“AN INTELLIGENT INTERMEDIATE STATE OF AN 
OBJECT-ORIENTED DATABASE”; US. patent applica 
tion Ser. Nos. 09/079,501; 09/079,042; 09/079,500; 09/079, 
103; 09/079,102; 09/079,499; 09/079,043; and 09/107,048, 
Which are all incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates generally to computer softWare and 
database systems. More particularly, the invention relates to 
object-oriented databases and computer languages. 

2. Description of the Related Art 
Database systems are serving increasingly important roles 

in today’s society. Modern database systems enable users to 
gather, manipulate, and maintain massive amounts of infor 
mation. A mere handful of examples of the myriad uses of 
database systems includes computeriZed library systems, 
automated teller machines, ?ight reservation systems, com 
puteriZed parts inventory systems, and con?guration data 
bases for computer systems and netWorks. 

Nevertheless, database systems are often dif?cult to main 
tain. Relational databases, for example, though poWerful, are 
often accessible only through complicated, formal queries in 
languages such as SQL (Structured Query Language). It is 
expensive to hire or train experts With pro?ciency in such a 
highly technical ?eld. Storage is also a problem, as data ?les 
in a database can become large and unWieldy, consuming 
?nite storage resources. It is therefore an important consid 
eration that a database system be easy to administer, and that 
the data be easy to enter, retrieve, edit, and store. 
Some database systems are implemented using object 

oriented techniques. Object-oriented databases, like the 
object-oriented programming model, are based on objects: 
units that combine or encapsulate both data and related 
methods for operating on that data. Often, objects are related 
to one another in a class hierarchy Which alloWs related 
objects to inherit attributes from one another. Object 
oriented databases thus provide more accurate modeling of 
“real-World” entities. HoWever, object-oriented databases 
are often just as dif?cult to implement, employ, and maintain 
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2 
as other types of databases. Furthermore, the interdependen 
cies and relationships among objects in an object-oriented 
database complicate the issue of storage and often result in 
large, bloated database ?les Which store unnecessary infor 
mation. 
One speci?c type of database is a database employed by 

an operating system to maintain con?guration information 
that relates to components of softWare and/or hardWare of a 
computer system. For example, such a con?guration data 
base may store con?guration information relating to appli 
cation programs, hardWare devices Which are coupled to the 
computer system, and/or elements of the operating system. 
These con?guration databases may be implemented in many 
different Ways. To exploit the advantages of the object 
oriented paradigm, con?guration databases may be imple 
mented as object-oriented databases. Unfortunately, these 
con?guration databases, object-oriented or otherWise, are 
associated With the same dif?culties as other types of data 
base systems. For instance, if information in a con?guration 
database is generated dynamically upon the start-up of a 
computer system, then that information Will be lost from 
session to session unless it is stored in a convenient Way. 

Therefore, it is desirable to provide an intelligent mecha 
nism and process for storing an object-oriented con?gura 
tion database. 

SUMMARY OF THE INVENTION 

The problems outlined above are in large part solved by 
various embodiments of a method and system for serialiZing 
a transient object-oriented database into a persistent form in 
accordance With the present invention. SerialiZation is the 
process of transforming one or more objects from a transient 
form to a persistent form. The transient elements of a 
database do not survive across runtime sessions. Apersistent 
form produced through serialiZation, on the other hand, can 
be stored in nonvolatile memory. 

In one embodiment, the persistent form is a grammatical 
form. A grammatical form is an expression of an object 
oriented database in a textual form according to a grammar. 
The grammatical form is human-readable and human 
editable. The grammatical form can be created by hand, or 
it can be created from an object-oriented database in tran 
sient form through the process of serialiZation. The grammar 
is designed to be platform-independent and programming 
language-independent and therefore descriptive of any hier 
archical object-oriented database. In one embodiment, the 
grammar comprises a set of keyWords and a syntax. 

In one embodiment, serialiZation requires that an object 
oriented database be expressed as a plurality of entries in a 
transient, hierarchical, object-oriented form. The serialiZer 
navigates the tree of entries, Writing each entry to the 
persistent form as text according to the grammar. In this Way 
the textual, persistent form is generated. The persistent form 
can then be stored in one or more containers. The serialiZed 

form stores only the key state of the database, not a 
“snapshot” of memory as is the default in one embodiment. 
Therefore, the persistent, serialiZed form is smaller than the 
in-memory, transient form of the object-oriented database. 

In various embodiments, the invention further provides a 
database transformation system and method Wherein a per 
sistent form Which is described by a grammar is compiled 
into an intermediate form, Wherein the intermediate form 
populates the active object-oriented database, and Wherein 
serialiZation and compilation may be modi?ed to accept 
complex data types. 

In one embodiment, the object-oriented database is an 
obj ect-oriented con?guration database Which stores con?gu 
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ration parameters pertaining to the software and hardWare of 
a computer system, such as application programs, device 
drivers, system services, and other components. In one 
embodiment, the object-oriented database is a platform 
independent one, such as the JavaTM System Database, and 
is therefore con?gured to be hosted on several different 
operating systems and computing platforms. In one 
embodiment, database transformation according to the 
present invention is implemented as a package of classes and 
interfaces in the object-oriented JavaTM Language. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and advantages of the invention Will 
become apparent upon reading the folloWing detailed 
description and upon reference to the accompanying draW 
ings in Which: 

FIG. 1 is an illustration of a computer system in one 
embodiment. 

FIG. 2 is an illustration of the JavaTM Platform and the 
relationships betWeen the elements thereof in one embodi 
ment. 

FIG. 3 is an illustration of the J avaTM Platform including 
JavaTM Database Transformation functionality in one 
embodiment of the invention. 

FIG. 4 is an illustration of a default hierarchy of the 
JavaTM System Database in one embodiment of the inven 
tion. 

FIG. 5 is a block diagram illustrating an overvieW of the 
transformation of an object-oriented database to and from a 
grammatical form in one embodiment of the invention. 

FIG. 6 is a ?oWchart illustrating serialiZation in one 
embodiment of the invention. 

FIG. 7 is an illustration of the correspondence betWeen a 
grammatical form and an object-oriented form of a database 
in one embodiment of the invention. 

FIG. 8 is an illustration of property domains and attribute 
domains in the grammar provided by one embodiment of the 
invention. 

FIG. 9 is a further illustration of property domains and 
attribute domains in the grammar provided by one embodi 
ment of the invention. 

FIG. 10 is a ?oWchart illustrating compilation in one 
embodiment of the invention. 

FIG. 11 is a diagram illustrating nested blocks Within the 
compilation method in one embodiment of the invention. 

While the invention is susceptible to various modi?ca 
tions and alternative forms, speci?c embodiments thereof 
are shoWn by Way of eXample in the draWings and Will 
herein be described in detail. It should be understood, 
hoWever, that the draWings and detailed description thereto 
are not intended to limit the invention to the particular form 
disclosed, but on the contrary, the intention is to cover all 
modi?cations, equivalents and alternatives falling Within the 
spirit and scope of the present invention as de?ned by the 
appended claims. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Turning noW to the draWings, FIG. 1 is an illustration of 
a typical, general-purpose computer system 100 Which is 
suitable for implementing database transformation in accor 
dance With the present invention. The computer system 100 
includes at least one central processing unit (CPU) or 
processor 102. The CPU 102 is coupled to a memory 104 
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4 
and a read-only memory (ROM) 106. The memory 104 is 
representative of various types of possible memory: for 
example, hard disk storage, ?oppy disk storage, removable 
disk storage, or random access memory As shoWn 
in FIG. 1, typically the memory 104 permits tWo-Way 
access: it is readable and Writable. The ROM 106, on the 
other hand, is readable but not Writable. The memory 104 
and/or ROM 106 may store instructions and/or data Which 
implement all or part of the database transformation system 
and method described in detail beloW, and the memory 104 
and/or ROM 106 may be utiliZed to install the instructions 
and/or data. In various embodiments, the computer system 
100 may comprise a desktop computer, a laptop computer, 
a palmtop computer, a netWork computer, a personal digital 
assistant (PDA), an embedded device, a smart phone, or any 
other computing device Which may eXist noW or Which may 
be developed in the future. 

The CPU 102 may be coupled to a netWork 108. The 
netWork 108 is representative of various types of possible 
netWorks: for example, a local area netWork (LAN), Wide 
area netWork (WAN), or the Internet. Database transforma 
tion in accordance With the present invention may therefore 
be implemented on a plurality of heterogeneous or homo 
geneous netWorked computer systems 100 through one or 
more netWorks 108. The CPU 102 may acquire instructions 
and/or data for implementing database transformation in 
accordance With the present invention over the netWork 108. 
Through an input/output bus 110, the CPU 102 may also 

coupled to one or more input/output devices that may 
include, but are not limited to, video monitors or other 
displays, track balls, mice, keyboards, microphones, touch 
sensitive displays, magnetic or paper tape readers, tablets, 
styluses, voice recogniZers, handWriting recogniZers, 
printers, plotters, scanners, and any other devices for input 
and/or output. The CPU 102 may acquire instructions and/or 
data for implementing database transformation in accor 
dance With the present invention through the input/output 
bus 110. 

In implementing database transformation, the computer 
system 100 eXecutes one or more computer programs. The 
computer programs may comprise operating system or other 
system softWare, application softWare, utility softWare, 
JavaTM applets, and/or any other sequence of instructions. 
An operating system performs basic tasks such as recogniZ 
ing input from the keyboard, sending output to the display 
screen, keeping track of ?les and directories on the disk, and 
controlling peripheral devices such as disk drives and print 
ers. The operating system or other system softWare may also 
include a J avaTM System Database (JSD) on particular 
JavaTM-enabled computer systems, as Will be described in 
detail beloW. Application softWare runs on top of the oper 
ating system and provides additional functionality. Because 
applications take advantage of services offered by operating 
systems, and because operating systems differ in the services 
they offer and in the Way they offer the services, an appli 
cation must usually be designed to run on a particular 
operating system. The computer programs are stored in a 
memory medium or storage medium such as the memory 
104 and/or ROM 106, or they may be provided to the CPU 
102 through the netWork 108 or I/O bus 110. 
As Will be described in further detail beloW, the computer 

system 100 implements a system and method for serialiZing 
an object-oriented con?guration database into a persistent 
teXtual form according to a grammar. In various 
embodiments, the computer system 100 further implements 
a database transformation system and method Wherein the 
persistent, grammatical form is compiled into an intelligent 
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intermediate form, Wherein the intermediate form populates 
the active object-oriented database, and Wherein serialiZa 
tion and compilation may be modi?ed to accept complex 
data types. The persistent form may comprise one or more 
containers. Containers may reside in various forms in the 
memory 104 on one or more computer systems 100. The 
database transformation processes may also be referred to as 
the pushing and pulling of content to and from containers. 
The pushing and pulling may take place to and from the 
memory 104, over the netWork 108, and/or over the I/O bus 
110. 
As used herein, an object-oriented database is a database, 

database system, database management system, electronic 
?ling system, or other computeriZed collection of informa 
tion Which stores items of data as objects. An object typi 
cally includes a collection of data along With methods for 
manipulating that data. In one embodiment, the database is 
a con?guration database. As used herein, a con?guration 
database is a database, database system, database manage 
ment system, electronic ?ling system, or other computeriZed 
collection of information Which stores information relating 
to the components and/or parameters Which characteriZe a 
computer system or systems. 

In one embodiment, the database is implemented using 
the resources of the object-oriented JavaTM Platform and the 
object-oriented J avaTM Language. Furthermore, database 
transformation is provided via one or more programming 
interfaces, also knoWn as application programming inter 
faces or APIs. As used herein, an API is a set of routines, 
protocols, methods, variables, tools, “building blocks,” and/ 
or other resources for building softWare applications. 
Therefore, a single API or package of APIs can actually 
comprise a plurality of APIs of lesser scope. In one 
embodiment, the database transformation APIs comprise 
object-oriented interfaces and classes developed in the 
J avaTM Language. These database transformation APIs pro 
vide database transformation in accordance With the present 
invention to JavaTM applications Which utiliZe the APIs as 
“building blocks.” 

The J avaTM Language is described in The Java Language 
Speci?cation by Gosling, Joy, and Steele (Addison-Wesley, 
ISBN 0-201-63451-1), Which is incorporated herein by 
reference. The JavaTM Language is an object-oriented pro 
gramming language. In an object-oriented programming 
language, data and related methods can be grouped together 
or encapsulated to form an entity knoWn as an object. The 
object is the fundamental building block of object-oriented 
programming. The data structures Within an object may 
alternately be referred to as the object’s state, its attributes, 
its ?elds, or its variables. In the J avaTM Language, the data 
structures are normally referred to as the variables of the 
object. If the object represents a telephone, the variables 
may include a telephone number, a color and a type (e.g., 
touch-tone or pulse). The procedures Which operate on the 
variables are referred to in JavaTM as the methods of the 
object. In the telephone example, the methods could include 
ringing, receiving a call or placing a call. These methods Will 
be discussed in more detail beloW. The variables and meth 
ods of an object may all be referred to as the members of the 
object. 

In object-oriented programming, the grouping together of 
the variables and methods Within an object is referred to as 
encapsulation. When the variables relating to an object and 
the methods Which might affect the object are encapsulated 
Within the object, other entities usually do not have direct 
access to these data and procedures. The other entities 
instead call on the object itself to invoke its oWn methods 
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6 
and thereby operate on its oWn data. The encapsulation of 
the members of the object thereby provides some protection 
for the data Within the object and prevents unauthoriZed, 
unWanted, or unintended manipulation of the data. This is 
sometimes referred to as data hiding. (The concept of data 
hiding through encapsulation should be distinguished from 
the hiding of variables in JavaTM variable declarations, as 
explained in more detail beloW.) 

If a user Wants to hide the data Within an object, the 
variable Which contains the data is made private. Private 
variables Within an object may only be accessed by the 
methods of the object. Because it may, in some cases, be 
inconvenient or impractical to require manipulation of cer 
tain data through the methods of the associated object, some 
variables may be made public. These public variables are 
directly accessible to entities other than the object With 
Which the variables are associated. Thus, in practice, the 
variables Within objects normally comprise some Which are 
hidden or inaccessible and some Which are public. 

All objects in an object-oriented programming system 
belong to a class, Which can be thought of as a category of 
like objects Which describes the characteristics of those 
objects. Each object is created as an instance of the class by 
a program. The objects may therefore be said to have been 
instantiated from the class. The class sets out variables and 
methods for objects Which belong to that class. The de?ni 
tion of the class does not itself create any objects. The class 
may de?ne initial values for its variables, and it normally 
de?nes the methods associated With the class (i.e., includes 
the program code Which is executed When a method is 
invoked.) The class may thereby provide all of the program 
code Which Will be used by objects in the class, hence 
maximiZing re-use of code Which is shared by objects in the 
class. 

Classes in the J avaTM Language may be hierarchical. That 
is, some classes may be subclasses of a higher class, also 
knoWn as a superclass. For example, in addition to the 
telephone class (i.e., superclass) above, subclasses may be 
created for mobile phones and speaker phones. An object 
Which is instantiated from the mobile phone class Will also 
be an object Within the telephone class. It may therefore be 
treated as belonging to the narroWer class of only mobile 
phones, or it may be treated as belonging to the broader class 
of telephones in general. In the J avaTM Language, the 
subclass (e.g., mobile phones) is said to extend the super 
class (e.g., telephones). Alternatively, the superclass is said 
to be extended by the subclass. For the purposes of this 
disclosure, a subclass is considered to extend all or any of 
the classes Which are above it in the hierarchy. It may also 
be said that the subclass directly extends the class immedi 
ately above it in the hierarchy, and indirectly extends higher 
classes in the hierarchy. For example, if a parent class is 
extended by a ?rst subclass and that subclass is in turn 
extended by a second subclass, the second subclass can be 
said to extend the parent class as Well as the ?rst subclass. 
This terminology Will also be applied to the hierarchical 
structure of interfaces, Which Will be described in more 
detail beloW. 

This hierarchical de?nition of classes and subclasses 
based on shared variables and methods is very useful. A 
subclass includes all the variables and methods in the class 
of Which it is a member (its parent class). The subclass is 
said to inherit the variables and methods of its parent class. 
This property is useful in de?ning subclasses because only 
those variables and methods Which do not appear in the 
parent class need to be de?ned in the subclass (although 
variables or methods Which appear in the parent class may 
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be rede?ned in the subclass.) This allows the code Written in 
the parent classes to be reused so that the programmer does 
not have to reWrite or cut and paste code into each neW 
subclass. Methods that are de?ned in the parent class may, 
hoWever, be rede?ned in subclasses. This is referred to as 
overriding or hiding the previously de?ned method(s). By 
rede?ning a variable Which has already been de?ned in a 
superclass, the programmer may hide the previously de?ned 
variable (Which is distinct from the object-oriented data 
hiding concept inherent in encapsulation). In some object 
oriented languages, subclasses may inherit variables and 
methods from several classes. This is called multiple inher 
itance. If a subclass can only inherit from one parent class, 
this is called single inheritance. The JavaTM Language is 
characteriZed by single inheritance, not multiple inheritance. 

This hierarchical class structure also alloWs the program 
mer to take advantage of a property referred to as polymor 
phism. Polymorphism is a mechanism by Which various 
objects may be handled in the same Way externally, even 
though there are differences in the Way they are handled 
internally. In other Words, the interface Which the different 
objects present to an external entity is the same for each 
object, but the details of each object’s implementation may 
vary. This alloWs objects instantiated from different sub 
classes to be handled identically even though the subclasses 
are not identical. For example, assume that a draWing 
program implements a class for shapes, a subclass for 
circles, and a subclass for squares, each of Which has a 
method called draW( While draW( ) Will be implemented 
differently for the circle subclass and the square subclass, the 
draWing program does not have to knoW the details of hoW 
a shape Will be draWn, or even Which of the shapes is to be 
draWn. The draWing program simply calls the draW( ) 
method for the object to be draWn and the implementation 
de?ned in the object’s class Will be used. 

Another important element of the J avaTM Language is the 
interface. Interfaces are closely related to classes. Interfaces 
may declare What classes do, but not hoW they do it. For 
example, in the case of the telephone class above, an 
interface Would declare that a telephone could ring, place 
calls, and receive calls, but it Would not de?ne the Way in 
Which this Was accomplished. Atelephone class, on the other 
hand, Would set out the functions that de?ne each of these 
actions so that When a telephone is instantiated, it can 
actually ring, place a call, or receive a call (in the context of 
the application). An interface may declare methods and/or 
constants. To utiliZe an interface, one or more classes must 
implement the interface. 

The JavaTM Platform Which utiliZes the object-oriented 
J avaTM Language is a softWare platform for delivering and 
running the same applications on a plurality of different 
operating systems and hardWare platforms. As Will be 
described in further detail beloW, the J avaTM Platform 
includes system-dependent portions and system 
independent portions, and therefore the JavaTM Platform 
may be thought of as having multiple embodiments. The 
JavaTM Platform sits on top of these other platforms, in a 
layer of softWare above the operating system and above the 
hardWare. FIG. 2 is an illustration of the JavaTM Platform 
and the relationships betWeen the elements thereof in one 
embodiment. The JavaTM Platform has tWo basic parts: the 
JavaTM Virtual Machine 222, and the JavaTM Application 
Programming Interface (J avaTM API). The JavaTM API may 
be thought of as comprising multiple application program 
ming interfaces (APIs). While each underlying platform has 
its oWn implementation of the J avaTM Virtual Machine 222, 
there is only one Virtual Machine speci?cation. The J avaTM 
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Virtual Machine speci?cation is described in The Java 
Wrtual Machine Speci?cation by Lindholm and Yellin 
(Addison-Wesley, ISBN 0-201-63452-X), Which is incorpo 
rated herein by reference. By alloWing the J avaTM applica 
tions 236 to execute on the same Virtual Machine 222 across 
many different underlying computing platforms, the J avaTM 
Platform can provide a standard, uniform programming 
interface Which alloWs J avaTM applications 236 to run on any 
hardWare on Which the JavaTM Platform has been imple 
mented. The JavaTM Platform is therefore designed to pro 
vide a “Write once, run anyWhere” capability. 
As used herein, “applications” includes applets as Well as 

traditional desktop programs. Applets are JavaTM programs 
that require a broWser such as Netscape Navigator, 
Microsoft Internet Explorer, or Sun Microsystems HotJava 
to run. AbroWser is a piece of softWare that alloWs a user to 
locate and display Web pages, often encoded in HyperText 
Markup Language (HTML) and found on the Internet. 
Typically, applets are embedded in a Web page, doWnloaded 
over the Internet from the server, and run on a client 

machine. Because of security concerns, hoWever, JavaTM 
applets often do not have full access to system services such 
as read and Write access to a ?le on disk. All J avaTM 
applications 236 require the J avaTM Platform to run. 

Developers use the J avaTM Language and JavaTM APIs to 
Write source code for JavaTM-poWered applications 236. A 
developer compiles the source code only once to the JavaTM 
Platform, rather than to the machine language of an under 
lying system. J avaTM programs compile to bytecodes Which 
are machine instructions for the JavaTM Virtual Machine 
222. Aprogram Written in the J avaTM Language compiles to 
a bytecode ?le Which can run Wherever the J avaTM Platform 
is present, on any underlying operating system and on any 
hardWare. In other Words, the same exact J avaTM application 
can run on any computing platform that is running the 
J avaTM Platform. Therefore, J avaTM applications 236 are 
expressed in one form of machine language and are trans 
lated by softWare in the J avaTM Platform to another form of 
machine language Which is executable on a particular under 
lying computer system. 
The J avaTM Virtual Machine 222 is implemented in accor 

dance With a speci?cation for a “soft” computer Which can 
be implemented in softWare or hardWare. As used herein, a 
“virtual machine” is generally a self-contained operating 
environment that behaves as if it Were a separate computer. 
As shoWn in FIG. 2, in one embodiment the JavaTM Virtual 
Machine 222 is implemented in a softWare layer. The same 
J avaTM Virtual Machine 222 can run on a variety of different 
computing platforms: for example, on a broWser 214 sitting 
on top of an operating system (OS) 212a on top of hardWare 
210a; on a desktop operating system 212b on top of hard 
Ware 210b,~ on a smaller operating system 212c on top of 
hardWare 210c; or on the JavaOS operating system 218 on 
top of hardWare 210d. Computer hardWare 210a, 210b, 
210c, and 210d may comprise different hardWare platforms. 
J avaOS 218 is an operating system that is optimiZed to run 
on a variety of computing and consumer platforms. The 
J avaOS 218 operating environment provides a runtime spe 
ci?cally tuned to run applications Written in the JavaTM 
Language directly on computer hardWare Without requiring 
another operating system. 
The JavaTM API or APIs form a standard interface to 

J avaTM applications 236, regardless of the underlying oper 
ating system or hardWare. The J avaTM API or APIs specify 
a set of programming interfaces betWeen JavaTM applica 
tions 236 and the JavaTM Virtual Machine 222. The J avaTM 
Base API 226 provides the basic language, utility, I/O, 
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network, GUI, and applet services. The J avaTM Base API 226 
is typically present anywhere the J avaTM Platform is present. 
The JavaTM Base Classes 224 are the implementation of the 
J avaTM Base API 226. The JavaTM Standard Extension API 
230 provides additional capabilities beyond the J avaTM Base 
API 226. The J avaTM Standard Extension Classes 228 are the 
implementation of the JavaTM Standard Extension API 230. 
Other APIs in addition to the JavaTM Base API 226 and 
J avaTM Standard Extension API 230 can be provided by the 
application or underlying operating system. A particular 
JavaTM environment may include additional APIs 234 and 
the classes 232 Which implement them. Each API is orga 
niZed by groups or sets. Each of the API sets can be 
implemented as one or more packages or namespaces. Each 
package groups together a set of classes and interfaces that 
de?ne a set of related data, constructors, and methods, as is 
Well knoWn in the art of object-oriented programming. 

The porting interface 220 lies beloW the JavaTM Virtual 
Machine 222 and on top of the different operating systems 
212b, 212C, and 218 and broWser 214. The porting interface 
220 is platform-independent. HoWever, the associated adapt 
ers 216a, 216b, and 216c are platform-dependent. The 
porting interface 220 and adapters 216a, 216b, and 216c 
enable the J avaTM Virtual Machine 222 to be easily ported to 
neW computing platforms Without being completely reWrit 
ten. The J avaTM Virtual Machine 222, the porting interface 
220, the adapters 216a, 216b, and 216C, the JavaOS 218, and 
other similar pieces of softWare on top of the operating 
systems 212a, 212b, and 212c may, individually or in 
combination, act as means for translating the machine lan 
guage of JavaTM applications 236, APIs 226 and 230, and 
Classes 224 and 228 into a different machine language 
Which is directly executable on the underlying hardWare. 

FIG. 3 is an illustration of the J avaTM Platform including 
database transformation functionality in one embodiment of 
the invention. The JavaTM API 252 comprises all of the API 
sets available to the applications 236: the JavaTM Base API 
226, optionally the JavaTM Standard Extension API 230, and 
other APIs 234. The J avaTM API 252 also encompasses the 
JavaTM database transformation API(s) 262, the program 
ming interfaces betWeen applications 236 and the JavaTM 
Virtual Machine 222 for transforming a database from a 
run-time, object-oriented form to a persistent, grammatical 
form and back again. The JavaTM Classes 250 are the 
implementation of the J avaTM API 252, including the J avaTM 
Base Classes 224, optionally the J avaTM Standard Extension 
Classes 228, and other classes 232. The JavaTM database 
transformation API(s) 262 are implemented by the JavaTM 
database transformation classes 260. 

Therefore, as shoWn in FIG. 3, the database transforma 
tion frameWork is implemented in a softWare layer of APIs 
and classes betWeen the Virtual Machine 222 and the J avaTM 
Applications 236. The APIs and the applications comprise 
J avaTM source code and/or bytecodes Which are executable 
by the Virtual Machine. Therefore, the APIs can be ported 
Without alteration to any underlying computing platform on 
Which the JavaTM Virtual Machine has been implemented. 
Because of the Widespread implementation of the JavaTM 
Virtual Machine, the APIs can be implemented With ease on 
a plurality of operating systems and computer hardWare. The 
database transformation APIs thus enable JavaTM applica 
tions to implement the system and methods of the present 
invention in a standardiZed, cross-platform manner. 

The system, method, and storage medium of the present 
invention are applicable to any object-oriented database. In 
one embodiment, the object-oriented con?guration database 
is a JavaTM System Database (JSD), also knoWn as a J avaOS 
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System Database. The JSD is platform-independent but Was 
developed in conjunction With J avaOS. In other Words, the 
JSD could be hosted on many different operating systems, 
including JavaOS. The JSD generally alloWs an operating 
system, system services, applications, utilities, and other 
softWare components to store and retrieve con?guration 
information concerning the softWare and hardWare of a 
platform, typically a JavaTM-based platform such as a net 
Work computer (NC). Con?guration information is arranged 
to describe, for example, the physical devices that are 
present in a machine associated With the JSD, the system 
softWare services that are installed, and speci?c user and 
group application pro?les. The JSD serves as a central 
repository to store, as Well as access, substantially any 
information Which is used for con?guration purposes. 
The JSD is comprised of a hierarchy or tree of entries. 

Entries can represent ?les, applications, users, devices, 
public interfaces, and many other components. Each entry 
has a single parent entry and any number of child entries. An 
entry has a unique name Which describes the location of the 
entry relative to the root of the tree. The root is identi?ed by 
a single forWard slash (“/”). Each entry is uniquely identi?ed 
using a UNIX-style pathname, composed of a list of all 
entries preceding it in the hierarchy, With each component 
separated by a forWard slash (“/”). In addition, an entry may 
also contain Zero or more associated properties and/or 
attributes. A property is a user-de?ned piece of information 
Which consists of a name-value pair. This information may 
be any JavaTM object. An attribute is system-de?ned data or 
meta-data and is generally not available to non-system 
components. An attribute may be an entry attribute Which is 
associated With the entry itself, or an attribute may be a 
property attribute Which is associated With a speci?c prop 
erty of an entry. 
A large amount of information in the JSD is transient: it 

does not survive across runtime sessions. The JSD is 
populated, that is, ?lled With entries relating to con?guration 
data, during platform initialiZation. Additional con?guration 
data is added and/or removed When the operating system 
boots. Transient information must be repopulated from its 
source into the JSD every time the computer system or 
operating system boots. Every time J avaOS boots, for 
example, the JSD is repopulated With information concern 
ing Which devices are installed on the platform. The JSD 
provides a population interface in the JavaTM Language for 
adding con?guration data from a variety of sources: for 
example, ?les, a netWork, the host operating system, 
applications, and drivers. In one embodiment, the JavaTM 
Language interface for JSD population is named TreePopu 
lator. 
The JSD uses a split design: one part resides on a server 

computer system, and the other part resides on a client 
computer system. On the server, the con?guration informa 
tion is stored for each user and client machine on the 
netWork. At the time the client computer system boots, each 
client database is populated from the server database With 
con?guration information about a particular machine, group 
of machines, and machine platform. At the time a user logs 
in, the client database is populated With con?guration infor 
mation about the user Who is logging in and the group of 
users he or she belongs to, if any. 

FIG. 4 illustrates the hierarchical nature of the JSD. In one 
embodiment, the JSD is divided into six standard 
namespaces, or sub-trees of related entries, Which are cre 
ated When JavaOS starts: Temp, Device, Interface, Alias, 
SoftWare, and Con?g. Entries Within a given namespace 
share common characteristics. Adefault namespace manager 
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manages each namespace, controlling hoW entries are 
created, added, accessed, removed, and updated for a par 
ticular namespace. When an entry is published (that is, 
added to the database and thus made public), it inherits its 
parent’s namespace manager by default. 

The Temp namespace is available as temporary storage 
for both application and system softWare settings. The 
Device namespace contains the set of devices available to 
the local platform. The Interface namespace contains entries 
that reference services that implement public Java inter 
faces. The Alias namespace contains entries that reference 
entries in the Interface namespace and provide friendly 
naming schemes for existing entries. The SoftWare 
namespace contains entries for each installed softWare com 
ponent. The Con?g namespace maintains client con?gura 
tion information and is usually stored on servers. 

In one embodiment, the Temp, Device, Interface, and 
Alias namespaces are transient: they do not survive across 
runtime sessions, typically because they are stored in vola 
tile memory and not in nonvolatile or persistent storage. The 
Con?g namespace is persistent. The SoftWare namespace is 
transient on clients but is backed up persistently on the 
server. 

FIG. 4 is an illustration of a tree structure representing an 
exemplary Java System Database on a client computer 
system. The client tree 301 resides on a netWorked client 
machine 300 and relates to con?guration data of the client 
computer system 300. The client machine 300 is an example 
of a computer system 100 as discussed With reference to 
FIG. 1. The hierarchy of the client tree 301 is manifested 
using an n-Way tree. At the root of the tree is a root entry 302 
Which does not contain any data. A ?rst level of nodes 304 
in client tree 301 collectively de?ne the six standard 
namespaces as discussed above. 

For example, the SoftWare namespace begins at node 306 
and includes all nodes and data branching from node 306. 
All entries in the SoftWare namespace relate to con?guration 
data regarding softWare applications for the client computer 
system 300. Entries in the data schema are made up of a 
unique name, a list of children (entries beloW the given 
entry), and a set of tuples. Each tuple contains a property 
name and associated property value (i.e., a name-value pair). 
In a Word processing program, for example, a property name 
can be “font” and the property value can be “Times Roman.” 
Similarly, all entries under the Device namespace 308 are 
entries that are related to con?guration information of the 
client computer system 300. Every entry in the hierarchy 
may act as both an entry in a sub-tree and the root of a 
sub-tree having descendant entries or child nodes. 

The SoftWare namespace 306 contains a list of installed 
and/or available system services such as device drivers, user 
applications, and user con?guration information. The Soft 
Ware namespace 306 includes four categories: application, 
system, service, and public. In the application category 312, 
for example, an entry com.Netscape 314 contains the 
company-unique name “Netscape.” BeloW com.Netscape 
314 is an entry 316 for Netscape Navigator, one of 
Netscape’s products. BeloW the Navigator entry 316 is an 
entry 318 storing company-speci?c con?guration informa 
tion relating to Netscape Navigator. The Netscape Navigator 
application program could access the con?guration infor 
mation 318 While the application program is executing. In a 
similar Way, other application programs could access their 
oWn speci?c con?guration entries While executing. Entries 
320, 322, and 324 represent other vendors Which Will also 
have application-level entries similar to entry 316. 
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An object-oriented database such as the JSD is largely 

transient and thus must typically be recreated With every 
runtime session. Furthermore, the JSD may be dif?cult to 
access for data entry and retrieval When it is active in the 
cache as described above. Therefore, one embodiment of the 
present invention provides for database transformation from 
the active, run-time form to a more manageable, persistent 
form, and then back again. FIG. 5 illustrates an overvieW of 
database transformation in accordance With one embodi 
ment of the present invention. The object-oriented con?gu 
ration database 340 can undergo a process of serialiZation 
342 Which transforms the database into a persistent form in 
one or more containers. The persistent form, also knoWn as 
a grammatical form 346, is described by a grammar 344. The 
grammatical form 346 can undergo a process of compilation 
348 Which transforms the persistent form into an intelligent 
intermediate form 350. The intelligent intermediate form 
350 can be turned back into the object-oriented database 340 
through the process of database population 352. A transfor 
mation customiZer or plug-in 354 can be used to extend the 
grammar 344 to alloW for the use of complex data types in 
serialiZation 342 and compilation 348. Although the gram 
matical form 346 is much smaller than the in-memory 
object-oriented database 340 due to improved serialiZation 
342, no important information is permanently lost When 
transforming one into the other, and therefore one form can 
be transformed into the other form and back again an 
inde?nite number of times. 
The JSD is an in-memory repository or cache Which can 

be stored in persistent containers such as ?les in accordance 
With the present invention. The J SD de?nes a public API for 
dynamically adding, removing, and modifying entries con 
tained Within the database. In one embodiment, the public 
API is a JavaTM Language interface named TreePopulator. 
For instance, When the grammatical form is parsed by the 
con?guration tree compiler into an intermediate form, the 
resulting hierarchical entries of the intermediate form are 
imported into the JSD using the public API. In this Way, the 
content of the JSD is pushed and pulled from the containers. 
A single JSD can push and pull content from multiple 
containers as required to satisfy clients. The J SD pushes and 
pulls content Without regard to container count and imple 
mentation. The container count and implementation vary 
With the complexity and needs of the speci?c platform. For 
example, a simple platform such as a cellular phone may 
have a single persistent container stored in non-volatile 
RAM (NVRAM), While a more complex platform such as a 
netWork computer may use multiple ?le-based containers or 
even an enterprise netWork directory service such as LDAP 
(LightWeight Directory Access Protocol). 
The values and structure of the JSD content remain the 

same Whether active in the cache or persistently stored in a 
container. HoWever, the format of the content does change 
When moved to and from a persistent container. When the 
content is active in the cache, its format (hoW its values and 
structure are represented to softWare) is that of a JavaTM 
object. Cached JSD objects behave in a similar Way to other 
objects in the J avaTM Language, except that a JSD object’s 
construction and serialiZation is automated by the JSD. 
When the content is stored in a container outside the cache, 
hoWever, the object’s values and structure are represented 
using the database description grammar (DDG or grammar) 
in accordance With the present invention. 
As used herein, serialiZation is any process of transform 

ing one or more objects from a run-time or transient form to 
a persistent form. The JavaTM Language supports a default 
object serialiZation that ?attens a graph of objects, often 



US 6,606,632 B1 
13 

hierarchical, into a byte stream. The byte stream can then be 
stored in one or more persistent containers such as ?les. 
Subsequently, the byte stream can be reconstituted into live 
J avaTM Language objects. Nevertheless, the default method 
takes a complete snapshot of the live object graph, including 
internal references to other objects. Therefore, the default 
method is sloW and produces a large amount of data to store. 
For largely the same reasons, and especially because the 
default serialiZed form includes references among objects, 
the default form cannot be edited manually. Improved seri 
aliZation according to one embodiment of the present inven 
tion provides a number of advantages over the default 
method: faster speed, smaller output siZe comprising only 
the key state, a simple object hierarchy, and text that is 
editable by hand using a text editor. Furthermore, the 
improved serialiZation method according to one embodi 
ment of the present invention produces a persistent form that 
is not dependent on the JavaTM Language or JavaTM Plat 
form. 

In one embodiment, serialiZation is implemented in the 
JavaTM Language. The class StaticTreeSerialiZer contains 
the code to push database content from the in-memory JSD 
cache into a grammar-based, persistent container such as a 
?le. An instance of StaticTreeSerialiZer requires ?ve param 
eters to be passed to its constructor. The ?rst tWo parameters 
are PrintStream instances: an error log and a debugging log. 
The third construction parameter is a debugging level that 
controls hoW much compilation progress information is 
output to the debug log. The fourth parameter is an instance 
of a Entry (javaos.j avax.system.data-base.Entry) Which used 
by the serialiZer to reference a portion (a tree) of the active 
database to serialiZe. In other Words, the Entry parameter to 
the serialiZer determines Which node Will be the root of the 
tree or sub-tree to be serialiZed. The ?nal construction 
parameter is a reference to an output ?le to hold the 
grammatical form. The output ?le can be speci?ed With a 
descriptor ava.io.FileDescriptor), a ?le name 
(java.lang.String), a ?le (java.io.File), or a ?le output stream 
(java.io.FileOutputStream). 

FIG. 6 illustrates serialiZation of a tree in one embodi 
ment. In step 502 the serialiZer begins by creating a grammar 
indentation buffer. This buffer contains spaces to indent the 
grammar for each entry, property, or attribute scope. Next, in 
step 504 the serialiZer creates a JSD transaction that locks 
the target tree of entries for exclusive access. In steps 506 
and 508, respectively, the serialiZer then uses JSD APIs to 
Walk the tree of entries and produce a description of the 
entries in grammatical, textual form to the output ?le. In 
doing so, the serialiZer maintains only the key state of the 
objects, such as the hierarchy, names of entries, and name 
value pairs for properties and attributes, according to the 
grammar Which is described in detail beloW. Unlike default 
JavaTM serialiZation, the serialiZer of the present invention 
does not maintain a complete in-memory snapshot of 
objects, and thus the data produced is much smaller in siZe 
than With default serialiZation. Furthermore, by eliminating 
J avaTM-speci?c object information such as dependencies 
from one object to another, the textual form is conveniently 
editable by hand With a text editor program. Steps 506 and 
508 continue until the serialiZer determines in step 510 that 
the last entry has been reached. After the last entry in the 
JSD tree has been processed, the output ?le is ?ushed and 
closed in step 512. Finally, in step 514, the JSD transaction 
is committed and the serialiZer exits. 

In one embodiment, the text-based, grammatical descrip 
tion of the contents of the object-oriented database is a static 
con?guration tree. A static con?guration tree provides a 
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mechanism Whereby hierarchies such as those of an object 
oriented con?guration database are de?ned and expressed in 
a persistent medium using a grammar. The con?guration tree 
is static because each time the grammar description is 
compiled, it results in the same hierarchy being created 
Within the JSD. Static con?guration information is ideal for 
devices, applications, and services that are simple in nature 
and do not require dynamic discovery of devices or 
resources at boot time or service load time. 

As used herein, a grammar is a set of rules that govern the 
structure and/or relationships of terms and/or symbols in a 
language. As used herein, a grammatical form is a collection 
of information Which is expressed under the rules of a 
particular grammar. The grammar provided by the present 
invention is independent of any platform or programming 
language: the grammar could be used to describe any 
hierarchical, object-oriented database. A small number of 
keyWords and a simple syntax de?ne the static con?guration 
grammar. Generally speaking, a syntax de?nes a structure in 
Which the keyWords and other elements can be expressed. In 
other Words, a syntax generally relates to the form of the 
grammar. In one embodiment, the keyWords are as folloWs: 

TREE name: De?nes the static tree root With the speci?ed 
name. 

ENTRY name: De?nes a neW entry With the speci?ed 
name. 

PROPERTIES: De?nes one or more properties for the 
entry. 

ATTRIBUTES: De?nes one or more attributes to pertain 

to the entry if no properties have yet been de?ned, or 
otherWise to the last property de?ned. 

BUSINESSiCARD: De?nes a collection of con?gura 
tion information for an application, device driver, or 
other softWare component. 

The TREE and ENTRY keyWords are used to de?ne the 
tree root and the tree sub-hierarchy, respectively. The 
ATTRIBUTES and PROPERTIES keyWords, along With 
name-value pairs, de?ne attributes and properties to be 
associated With an entry. The scope of a keyWord is delim 
ited using opening and closing braces (i.e., curly brackets) 
“{” and “}”. The TREE keyWord must appear ?rst because 
it de?nes the root of the con?guration tree. 

FIG. 7 illustrates an example of this hierarchy. A con 
?guration tree 620 is de?ned using the TREE and ENTRY 
keyWords and the scoping braces of the grammar described 
above: 

TREE root { 
ENTRY childl { 
ENTRY grandchildl { 
} 
ENTRY grandchildZ { 
} 
ENTRY grandchild3 { 
} 

} 
ENTRY child2 { 

The static con?guration tree 620 is different in form but 
identical in content to a con?guration database 600. The root 
602 has tWo children, child1 604 and child2 606. There are 
three grandchildren 608, 610, and 612, all belonging to 
child1 604. The tree 620 can be transformed into the 
database 600 through the processes of compilation and/or 
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database population as described in detail below, and the 
database 600 can be transformed into the tree 620 through 
the process of serialization as described in detail above. 
Although the grammar alloWs the database to be represented 
in a much more compact form than the in-memory form of 
the database, no important information is permanently lost 
in transforming the database to or from the grammatical 
form. Therefore, the transformations can take place an 
inde?nite number of times back and forth. 

While the hierarchy discussed With reference to FIG. 7 
conveys information regarding the relationships of the 
entries, true entry customiZing is accomplished using prop 
erties and attributes. FIG. 8 illustrates the property and 
attribute domains for a given entry. As shoWn in FIG. 8, 
properties pertain only to the entry itself, but attributes can 
be assigned either to the entry or to any existing property of 
the entry. The JSD public API provides methods for dealing 
With both types of attributes. The name of a property or 
attribute must be unique Within its domain, but only Within 
its domain. For example, as shoWn in FIG. 8, it is acceptable 
that the attribute “X” appears in all three de?ned attribute 
domains. Each “X” is distinct from the others because their 
respective scopes are different, and the three may have 
different values of different types. In one embodiment, 
properties and attributes are de?ned by the JSD to have 
names of the standard JavaTM type java.lang.String and 
values of the standard JavaTM type java.lang.Object. In one 
embodiment, null values are not permitted. 

The PROPERTIES and ATTRIBUTES keyWords are used 
to designate name-value pairs for the purpose of de?ning 
properties and attributes, respectively. For both properties 
and attributes, the general de?nition syntax is: 

name=value; 
In one embodiment, the “name” term must be compatible 

With java.lang.String and may therefore contain any Uni 
code character, except for the tWo-character sequence “/.” (a 
forWard slash folloWed by a period). The semicolon after the 
“value” term delimits each name-value pair. Using pseudo 
Backus-Naur Formalism (BNF) as is Well-known in the art 
of computer languages, the value can be de?ned as: 

value = [unicodeistring | 
“[ee “:9, Val “19, I 
“P. type ..[ 1:” Val 0,1 “,9, Val ] “1,, 

a 

“boolean,, I “byte” I “Char” I “int” I “long” I type = 

“short” I “double” | “float” | 
“string” 

val = “true” | “false” I unicodeistring | dec-val 
unicodeistring = 0*unicodefchar 

Furthermore, the value provided must match the speci?ed 
type. The supported primitive types are: boolean, byte, char, 
int, long, short, double, ?oat, string, and arrays thereof 
(boolean[ ], byte[ ], char[ ], int[ ], long[ ], short[ ], double[ 
], ?oat[ ], string[ The default type is a Unicode string, 
Which may also be explicitly speci?ed using the string type. 
Similar to assigning the property or attribute name, a string 
value may be any series of Unicode characters compatible 
With java.lang.String. Note that the string value is not 
enclosed in quotation marks. For string values, the limitation 
on using the tWo-character sequence “/.” (a forWard slash 
folloWed by a period) does not apply. When the type 
speci?cation is folloWed by the JavaTM array speci?cation 
characters “[ ]”, then the type is an array. In an array, one or 
more elements must be speci?ed via a comma-separated list 
of values. 
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An example of the designation of values in a hierarchy is 

as folloWs, With comments introduced by tWo forWard 
slashes (“//”): 

TREE test { 
ENTRY child { 
ATTRIBUTES { 

// Entry attribute “AttrNamel” is an array of tWo bytes 
AttrName1 = [byte[ ]:23,42]; 

PROPERTIES { 
// Assigns string “Hello, World!” to property “PropNamel” 
PropNamel = Hello, World!; 
// Property “Claimed” is boolean With a value of true 
Claimed = [boolean:true]; 
// Property data is an array of four longs 
data = [long[ ]:23,87,9009834,345]; 
// Property datainames is an array of four strings 
datainames = [string [ ]:Width,height,Weight,daysileft]; 

Attributes assigned to the entry attribute domain must 
appear before any properties Within the scope of the ENTRY 
keyWord declaration. Thus, in the previous example, the 
attribute “AttrNamel” is assigned to the entry, rather than to 
a property of the entry. All properties appear only to the 
entry and thus are alWays in the entry property domain. 
Thus, they may appear anyWhere Within the scope of the 
ENTRY declaration, except not Within the scope of an 
ATTRIBUTES or another PROPERTIES declaration. 

Attributes pertain to the last de?ned entry or property. 
Again, in order to be applied to the entry itself, the 
ATTRIBUTES declaration must immediately folloW the 
ENTRY line before any properties are de?ned. OtherWise, 
the attributes Will be assigned to the domain of the last 
de?ned property. The folloWing example further illustrates 
assigning attributes and properties to a speci?c domain, With 
comments introduced by tWo forWard slashes (“//”): 

TREE test { 
ENTRY child { 

// These attributes are assigned to the entry 
ATTRIBUTES { 

namel = value1; 
nameZ = [integer:1024]; 

PROPERTIES { 
namel =value1; 
nameZ = [boolean:false]; 
// These attributes are assigned to the property “nameZ” 
ATTRIBUTES { 

namel = [byte[ ]:4,5,8]; 
nameZ = [string:I am nameZ]; 

name3 = [char:H]; 

name4 = [boolean[ ]:true,true,false]; 
// These attributes are assigned to the property “name4” 
ATTRIBUTES { 

namel = attribute one; 

nameZ = [integer:777]; 

name3 = [char[ ]:a,b,c]; 
} 

} 
} 

} 

The entry and attribute domains of the previous example 
are further illustrated by FIG. 9. As described above, the 
child entry 702 has both a property domain 704 and an 
attribute domain 706. The entry property domain has four 












